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We report a remarkable symmetry between the resistivity and conductivity on opposite sides
of the B = 0 metal-insulator transition in a two-dimensional electron gas in high-mobility silicon
MOSFET’s. This symmetry implies that the transport mechanisms on the two sides are related.
Within the scaling theory of localization [1] developed
for non-interacting electrons, no metallic phase exists in
two dimensions in the absence of a magnetic field and no
metal-insulator transition is therefore possible. Contrary
to this expectation, several recent experiments [2,3,4]
have given clear indication of a metal-insulator transition
in zero magnetic field in a two-dimensional electron gas
in high-mobility silicon metal-oxide-semiconductor field-
effect transistors (MOSFET’s). Measurements in sam-
ples equipped both with aluminum [2,4] and polysilicon
[3] gates have demonstrated that the 2D gas of electrons
exhibits behavior that is characteristic of a true phase
transition: the resistivity scales with temperature [2,3]
and electric field [4] with a single parameter that ap-
proaches zero at a critical electron density nc. The nature
of this unexpected transition and the physical mechanism
that drives it are not understood.
In GaAs/AlGaAs heterostructures, Shahar et al. [5]
have recently found a direct and simple relation be-
tween the longitudinal resistivity in the magnetic field-
induced insulating phase and the neighboring quantum
Hall liquid (QHL) phase: ρxx(∆ν) = 1/ρxx(−∆ν). Here
∆ν = ν − νc, and νc is the critical filling factor for the
ν = 1 QHL-insulator transition; the relation also holds
for the fractional ν = 1/3 QHL-insulator transition when
mapped [6] onto the ν = 1 QHL-insulator transition of
composite Fermions. Shahar et al. [5] point out that this
remarkable symmetry indicates a close relation between
the conduction mechanisms in the two phases.
In this paper, we report a similar symmetry near the
critical electron density for the B = 0 metal-insulator
transition in the 2D electron gas in high mobility silicon
MOSFET’s. Over a range of temperature 0.3 K < T <
1 K, the (normalized) linear conductivity on either side
of the transition is equal to its inverse on the other side:
ρ∗(δn, T ) = σ
∗(−δn, T ). (1)
Here δn ≡ (ns − nc)/nc, ns is the electron density, nc is
the critical electron density, ρ∗ ≡ ρ/ρc is the resistivity
normalized by its value, ρc ≈ 3h/e
2, at the transition,
and σ∗ ≡ 1/ρ∗. In the case of the magnetic field-induced
QHL-insulator transition, the symmetry was attributed
to charge-flux duality [7]. The observation of similar
behavior in a 2D electron gas in the absence of a mag-
netic field implies that flux does not play a role in this
case. Although the observed duality may have different
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FIG. 1. Resistivity as a function of gate voltage, Vg , for tempera-
tures between 0.3 K and 0.9 K, obtained from the linear portion
of the I−V curves using the appropriate dimensionless geometric
factor.
underlying causes, our results suggest that it may origi-
nate with some fundamental feature that is common to
both.
Four terminal DC resistivity measurements were per-
formed on high quality silicon MOSFET’s with maximum
electron mobilities µmax ≈ 35, 000−40, 000 cm2/Vs sim-
ilar to the samples used in Refs. [2,4]. Different electron
densities were obtained in the usual manner by control-
ling the gate voltage, Vg. I − V curves were recorded at
each temperature and electron density, and the resistiv-
ity was determined from the slope of the linear portion
of the curve.
Fig. 1 shows the resistivity as a function of gate voltage
(electron density) at several different temperatures be-
tween 0.3 K and 0.9 K. The curves all intersect at a sin-
gle value of the gate voltage, Vg = 1.348 V, corresponding
to a critical electron density, nc = 8.45×10
10 cm−2. The
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FIG. 2. (a) Normalized resistivity, ρ∗, and normalized conduc-
tivity, σ∗, as functions of the gate voltage, Vg , at T = 0.35 K.
Note the symmetry about the line ns = nc. The electron den-
sity is given by ns = (Vg − 0.58V)× 1.1× 10
11 cm−2. (b) To
demonstrate this symmetry explicitly, ρ∗(δn) (closed symbols) and
σ∗(−δn) (open symbols) are plotted versus δn ≡ (ns−nc)/nc.
Inset: ρ∗(δn) (closed symbols) and σ
∗(−δn) (open symbols) ver-
sus δn at T = 0.3 K and T = 0.9 K, the lowest and highest
measured temperatures.
resistivity decreases (increases) with increasing temper-
ature for ns < nc (ns > nc), as expected for insulating
(metallic) behavior. In agreement with earlier measure-
ments [2,3,4], the resistivity at the critical point is close
to 3h/e2.
The normalized resistivity ρ∗(Vg) and the normalized
conductivity σ∗(Vg) at T = 0.35 K are shown as func-
tions of the gate voltage in Fig. 2 (a). Note the apparent
symmetry about the vertical line corresponding to the
critical electron density. Fig. 2 (b) demonstrates that
the curves can be mapped onto each other by reflection,
i.e., ρ∗(δn) is virtually identical to σ
∗(−δn). Our data
indicate that this mapping holds over a range of temper-
ature from 0.3 K to 0.9 K. However, the range |δn| over
which it holds decreases continuously as the temperature
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FIG. 3. Normalized resistivity ρ∗ on the metallic side of the transi-
tion (closed symbols) and normalized conductivity σ∗ on the insu-
lating side (open symbols) versus scaled temperature, T/T0. The
scaling parameter T0 is shown as a function of δn in the inset.
is decreased: for example, at T = 0.9 K, ρ∗ and σ∗ are
symmetric for |δn| <∼ 0.1, while at T = 0.3 K, they are
symmetric only for |δn| <∼ 0.05 (see inset to Fig. 2 (b)).
The resistivity of the 2D electron gas in Si MOSFET’s
was shown [2] to scale near the transition according to:
ρ(T, δn) = f(|δn|/T
b) = ρ(T/T0) (2)
with a single parameter T0 that is the same function of
|δn| on both the metallic and the insulating side of the
transition, T0 ∝ |δn|
1/b. Combined with the scaling of
Eq.(2), the duality expressed in Eq.(1) takes the form
ρ∗met,ins(T/T0) = σ
∗
ins,met(T/T0). (3)
The scaled curves ρ∗(T/T0) for the metallic side and
σ∗(T/T0) for the insulating side should thus be equiv-
alent. This is demonstrated in Fig. 3, which shows that
ρ∗(T/T0) and σ
∗(T/T0) are indeed virtually identical for
a given sample in a range where the resistivity (conduc-
tivity) changes by an order of magnitude. Remarkably,
this indicates that the temperature dependence of the re-
sistivity in either phase is similar to the temperature de-
pendence of the conductivity in the other phase, implying
that the mechanisms responsible for electrical transport
in the insulating and metallic phases are related.
The symmetry shown in Fig. 2 bears a strong re-
semblance to the behavior found for the resistivity near
the quantum Hall liquid (QHL)-to-insulator transition
in high mobility GaAs/AlGaAs heterostructures, where
it has been attributed to charge-flux duality in the com-
posite boson description [8]. The symmetry was shown
in this case to hold for the entire nonlinear I − V curve
[7]. Approximate reflection symmetry of the I−V curves
was also noted by van der Zant et al. [9] at the magnetic-
field-induced superconductor-insulator transition in alu-
minum Josephson junction arrays; it has been suggested
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that this duality can be traced to the symmetry between
single charges in the superconducting phase and vortices
in the insulating phase [10]. On the other hand, there is
no evident symmetry of the superconducting and insulat-
ing branches at the superconductor-insulator transition
in thin films driven by varying thickness [11] or a mag-
netic field [12], nor do the I −V curves show a reflection
symmetry about the critical point in the former case [13].
To summarize, we have presented evidence for a re-
flection symmetry about the critical point of the resistiv-
ity on one side and its inverse on the other side of the
metal-insulator transition in the 2D electron gas in high
mobility silicon MOSFET’s in the absence of a magnetic
field. This implies there is a simple relation between
the conduction mechanisms in the two phases. The be-
havior near this B = 0 transition is remarkably simi-
lar to that found at the quantum Hall liquid-insulator
transition. This suggests that some feature common to
both transitions may be responsible for the observed du-
ality. A B = 0 metal-insulator transition is unexpected
in two dimensions, and its nature in high-mobility silicon
MOSFET’s is not currently understood. The symme-
try reported here may provide an additional clue that
could lead to a theoretical understanding of the anoma-
lous metal-insulator transition in 2D in the absence of a
magnetic field.
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